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GLASS PLATE MANUFACTURING METHOD GLASS pt i» 

" OD ' GLASS JPLA TB MANUFACTURING 
APPARATUS, AND LIQUID CRYSTAL DEVICE 

The present invention relate * 
by which to . . * manufacturing method 

7 which to manufacture a thin glass plate , sheet , t 
0 as a glass substrate for Ufie '~ ^ ~ 

*™ Plate a ll9Uld CrySta1 ' - ^ - a 

PParatUS 3 ll9U±d C ^ 
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30 e<3 9 e areas of the glass. 



Because th« «i 

c «« glass substrain w 

surfaces that We re * SUCh th « the «i 

we *« in contact tnti. ^ glass 

P " l0r Sm ° 0tl — ana fIatness . t0 °^> 



Generally, the „i 

tae glass pi a t e * h 

.ub.tr.te. ' '° b "" te « ^ oo lor flltw 

Por « WI ga ass substra . 

slMS sub8trat6 tI1 ; for ,. 
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amount 6#f 
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3 faster than the cooling sneed .* .. 

stress „ 3 " e «1>« ss iva 

stress occurs at the edge area, - 

at th. . ^ " S1U <""="« 

the surface area, ana as a result. alnute strain occurs i„ 

«- airecon. Xn addition, this strain tenlT Z 

^ lar 9 er at the ed 3e areas than at the surface I, 

«hen a piece of this sheet glass havl„ 9 this type of 
•train distribution i, cut out in th. si M appropriate for a 
"*PIay apparatus gl ass substrate, th. strain distribution 
continue, to .*ist in a reconstruct., state, which cau... , 
15 minute deformation of th. slaM substr.t.. 

When a thin fil* (m) „ . ^ ^ 

for a color filter is via pbotollthography on the 

surface of the class substrate havlno this type of *in„te ^ 
20 d. fon »atlon. exposure ls not ^ 

PhotoUtho^aphy process, and as a result, the probl*. occur, 
that th. precis of ^ ^ ^ ^ 

Purther»ore. when a TFT sl ass substrate is combined with 
* « color fiiter class substrate, the ali^nt ^ bee™ , 
offset due to th. *inut. de« OIM atlon in the class plates. „d 
« a result, the problaa occurs that th. yield c f the U(pJ i a 
crystal devices declines. 



"'4 

in 



UP 

M 

3 



10 



«* oocura that ^ mt of defoiMtion 

substrate is accordingly la ,„ a „„ „,, 9 M ' 

3 ^ the ^""t <* offset of the 
Pattern positioning ls lar9a M ^ 

me Present Invention was create «» . 

<=»ated In view of the above 
Problem., ana has the objects describee below. 

One object of the present invention is to inhibit the 
occurrence of minute strain or minute ..formation i„ th . 

downdraw method. 



Mother object of the present Invention Is to prevent the 
occurrence of position!^ offset of the pattern formed through 
4 B Photolithography on th. surface of a 3l as. substrate used 1^ 

U display apparatus. 

vet another object of the present invention is to prevent 
th. occurrence of strain ^ . ^ 0£ ^ ^ ^ ^ . 

« formed through the downdraw method 1. cut into a prescribed 
size. 
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Still another object of the present invention i. to 
H*rove th. yleZd obtained during manufacture of lio.1,, 
crystal devices. 
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«*. -« g l MS ^ tte doMtov method „ u „ a . 0irrles 
sheet glass. ne 



Coustruotiou x, * gla „ plMe ^ 

sheet glass to slow cooling * 

cooling using a heat treaUng ^ 

*>r . glass MterlaI suttabl . f „ the flwiiaraw 

13 P " f,Irea fr °" ^ - tranepareuc, 
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Silas* be between e . 5 Ma 
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be earned out l^neaiateljr e«er ^amg. 

Construction a , ». glass ^ 
Sordino to the Conation X. .herein th. temperature 
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Terence occurs between the center region of the surface 
area and the edge areas. 

Construction 3: The glass plate manufacturing method 
according to the Construction 1 or the Construction 2. wherein 
the sheet glass sheeted to slow cooling exhibits a widthwise 
temperature distribution such that the surface area has a 
lower temperature than the edge areas. 

Construction 4: The glass plate manufacturing method 
according to any of Constructions 1 through 3. wherein the 
strain reduction processes are carried out based on the strain 
distribution in the post-molding glass plate measured in 
advance using the optical heterodyne method. 



fi! Be ° aUSe the Strain ******** by the present invention 

U comprises minute strain (deformation,. it is preferred that 

J, the birefringence amount be measured through optical 

W heterodyne measurement, which can measure minute strain 

3 20 (minute deformation) with high precision, and that the strain 

reduction processes be carried out based on the results of 
this measurement. Measurement of the strain using the optical 
heterodyne method allows the widthwise temperature 
distribution in the sheet glass after molding to be easily ' 
25 understood. 

Construction 5: The gi ass p i ate manufacturing method 
according to any of Constructions 1 through 4, wherein the 
strain reduction process comprises a heat treatment that forms 
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a prescribed temperature distribution in the widthwise 
direction of the sheet glass so that the temperature 
difference in the widthwise direction of the sheet glass after 
molding is reduced when the sheet glass is subjected to slow 
cooling by means of the heat treating unit after molding. 



It is preferred that the temperature range used for slow 
cooling of the sheet gla SS be 600 to .sot. It is further 
preferred that the method for reducing the temperature 
10 difference in the widthwise direction of the sheet glass 
comprise heat treatment by a heat treating unit having a 
temperature distribution whereby the widthwise temperature 
distribution of the sheet glass is offset. 
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Because this heat treatment is carried out during the 
slow cooling process, the widthwise temperature distribution 
of the sheet glass changes with the cooling time. Therefore, 
it is preferred that the temperature distribution of the heat 
treating unit change continuously or in steps along the 
direction of drawing in accordance with the temperature 
distribution of the sheet glass. 



Construction 6, The glass plate manufacturing method 
according to Construction 5, wherein the thermal process is 
25 carried out at least through a process in which the sheet 
glass is slowly cooled from the molding temperature to a / 
temperature near the strain point. 
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It is preferred that the heat treatment be carried out 
within a temperature range from the molding temperature of the 
sheet glass to an extraction temperature equal to or lower 
than the strain point, but it is effective if the heat 
treatment is carried out through the slow cooling process in 
which the sheet glass is slowly cooled from the molding 
temperature to a temperature near the strain point. It is 
preferred that the thermal process be carried out through a 
process in which the sheet glass is slowly cooled from a 
temperature that is 400 to 500^ lower than the molding 
temperature to a temperature near the strain point, m 
addition, it is preferred that where the widthwise temperature 
of the sheet glass is made essentially uniform at a 
temperature near the strain point, and slow cooling at or 
below the strain point is thereafter carried out, that the 
uniform temperature state of the sheet glass be maintained and 
that slow cooling be further carried out. 

Furthermore, the preferred range for the temperature near 
20 the strain point is sot: above and below the strain point. 

Construction 7, The sheet glass manufacturing method 
according to Construction 5 or Construction 6, wherein the 
heat treatment is a process in which the temperature 
25 distribution that is formed, in the widthwise direction of the 
sheet glass, by the heat treating unit for heating the sheet 
glass is set such that the temperature difference in the the 
widthwise direction of the sheet glass may be reduced. 
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Where the temperature distribution is formed via the heat 
treating unit, it is preferred that, rather than forming such 
temperature distribution suddenly near the strain point, the 
temperature distribution near the strain point be used as a 
reference, and that a temperature distribution obtained by 
flattening this temperature distribution near the strain point 
be formed in steps or continuously in the slow cooling process 
from the strain point and the molding temperature. 

Construction 8: The glass plate manufacturing method 
according to any of Constructions 1 through 3. wherein the 
strain reduction process reduces strain occurring from the 
surface area to the edge areas by increasing the amount of 
extension of the edge areas relative to the amount of 
extension of the surface area in accordance with the heat r 
contraction difference occurring between the edge areas and 
the surface area in the widthwise direction of the sheet glass . 

It is preferred that the strain reduction processes be 
carried out through slow cooling within a temperature range of 
600 to 850t. 



Construction 9: a glass plate manufacturing method - 
wherein the maximum strain of the manufactured sheet glass is 
0.07 kg/mm J or less. 



It is further preferred that the maximum strain be 0.04 
kg/mm 1 or less. 
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Construction 10: The glass pi ate manufacturing „, ethod 
according to any of Constructions 1 through 9, herein the 
glass plate is a glass substrate use(J ^ ft 

It is preferred that the display apparatus comprise a 
liquid crystal device, and that the glass substrate for the 
liquid crystal device have an expansion coefficient of 32 -3 8 
lOVC, and that the strain point be at least 650^. 

It is preferred that the glass have a composition 
comprising 60-70% SiO„ 7-12% B a 0 3 , 9-13% AL,0,, 1-8% MgO. 2-8% 
Cao, 0.5-5% sro. and 0.5-5% BaO. where the percentages are 
expressed in terms of molar percentages. 

It is also preferred that the glass have a composition 
comprising 65-75% SiO„ 6-11% B,0 3 , 8-15% AL 2 0 3 . 3-15% MgO, 0-8% 
CaO, 0-1% sro, and 0-1% BaO. 

Construction u, a glass plate manufacturing apparatus 
that includes a molding unit that molds molten glass provided 
continuously from a molten glass storage tank into a sheet ; 

a drawing unit that draws down the sheet glass molded by * 
25 the molding unit and existing in a softened state; and 

a strain reduction unit that reduces the strain caused by 
the temperature difference occurring from the edge areas to 
the surface area in the widthwise direction of the sheet glass; 
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Construction 12 : Tfce glass plate manufacturing apparatus 
according to Construction 11, herein the strain Eduction 
unit is a heat treating unit that slowly cools the sheet glass 
after molding, and sets in the widthwise direction of the 
sheet glass a temperature distribution that reduces the 
temperature difference in the widthvise direction of the post- 
molding sheet glass. 
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10 It is preferred that the heat treating unit be located on 

one side or both sides of the sheet glass, it i s a i so 
preferred that the heat treating unit be located near the 
surface or surfaces of the sheet glass. 
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Construction 13: The glass plate manufacturing apparatus 
according to Construction 11. wherein the strain reduction 
unit has a heat treating unit that slowly cools the sheet 
glass after molding and a unit that performs control to ensure 
that the amount of extension of the edge areas is larger than 
the amount of extension of the surface area in accordance with 
the temperature difference from the surface area to the edge 
areas of the sheet glass that is being slowly cooled by the 
heat treating unit. 

Construction 14: A liquid crystal device comprising 
liquid crystal held between a pair of glass plates formed I 
through the glass plate manufacturing method according to any 
of Constructions 1 through 10. 
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BRTBF DRfiCRTPTTOM OF t» p n BftffTmt; 

Pig. 1 is a schematic diagram showing an embodiment of 
the glass plate manufacturing apparatus of the present 
invention that manufactures sheet glass from molten glass; 

Fig. 2 is a cross-section of the apparatus shown in Pig. 
1 cut along the A-A line; 
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Fig. 3 is a side view of the drawing rollers shown in Pig 

1; 



Fig. 4 is a drawing showing a strain distribution in a 
glass plate that has not undergone strain reduction 

15 processing; 



0 Fl9 - 5 iS * tSble Show1 ^ temperatures of the heater* 

k and the glass during the strain reduction processing; 



C3 20 



25 



Fig. 6 is a graph of the data shown in Pig. 5 , 

Fig. 7 is a drawing showing the" strain distribution in a 
glass plate after it has undergone strain reduction 

processing; and 

Fig. 8 is a drawing showing the relationship between the 
total pitch shift amount of a glass plate after it was cut out 
and the strain amount of the sheet glass before it was cut T 
into pieces. 
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Embodiments of the present invention will be explained 
5 below with reference to the drawings. 

Fig. 1 is a schematic diagram showing an embodiment of 
the glass plate manufacturing apparatus of the present 
invention that manufactures sheet glass from molten glass. Fig, 
10 2 is a cross-section of the apparatus shown in Fig. i cut 
along the A- A line. Fig. 3 is a siue view of the drawing 
rollers shown in Fig. 1, Fig, 4 is a drawing showing a strain 
distribution in a glass plate that has not undergone strain 
reduction processing, Fig. 5 is a table showing the 
15 temperatures of the heaters (heat treating unit) and the glass 
during the strain reduction processing. Fig. 6 is a graph of 
the data shown in Fig. 5, Fig. 7 is a drawing showing the 
strain distribution in a glass plate after it has undergone 
strain reduction processing, and Fig. 8 is a drawing showing ■ 
20 the relationship between the total pitch shift amount of a 
glass plate after it was cut out and the strain amount of the 
sheet glass before it was cut into pieces. 
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(Glass plate manufacturing apparatus) 

First, a manufacturing apparatus that implements a glass 
plate manufacturing method and comprises one embodiment of the 
present invention will be described below with reference to v- 
Figs. 1 through 3. 
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The glass plate manufacturing apparatus comprising one 
embodiment of the present invention comprises basically a 
molten glass storage tank 1 and a cooling oven 10, as shown in 
5 Pig. l. 
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The molten glass storage tank 1 has a storage unit la 
having an opening, and the molten glass 2 obtained through 
melting of the glass raw material at a prescribed temperature 
10 is stored in the storage unit la. A molding unit 3 is formed 
at the bottom edge of the storage unit la. A slit -shaped 
opening 3a that extends in the widthwise direction of the 
sheet glass 8 is formed in the molding unit 3. The molding 
unit 3 comprises heat-resistant bricks coated with white gold. 



The molten glass may be molded into sheet -shaped glass 8 
by drawing the molten glass 2 through the opening 3a. The 
sheet glass 8 passing through the molding unit 3 is slowly 
cooled by heaters 4 in order to inhibit the contraction of the 
edge areas toward the center area that would result from rapid 
cooling . 



The slow cooling oven 10 slowly cools the glass 8 moldedi 
into a sheet shape and is hollow inside, such that as the edge 
25 areas of the sheet glass 8 are drawn downward by the drawing 
rollers 5 through 7. slowly cooling is carried out while rapid 
cooling of the sheet glass 8 is prevented by the heat treating 
unit 9 . 
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The drawing rollers 5 through 7 are aligned in the 
direction of drawing of the sheet glass 8, and are located at 
prescribed distances from each other. The heat treating unit 9 
is located at a prescribed distance from and near the main 
surface of the sheet glass 8. 

The drawing rollers 5 through 7 grasp the edge areas da 
and 8b of the sheet glass 8 and draw the sheet glass 8 
downward • The drawing rollers 5a, 6a and 7a draw the sheet 
glass 8 downward in concert with the drawing rollers 5c, 6c 
and 7c located at the back side of the sheet glass 8, as shown 
in Pig. 2. The drawing rollers 5b, 6b and 7b shown in Fig. 1 
also have drawing rollers not shown in the drawing that draw 
down the sheet glass in cooperation with the drawing rollers 
5b, 6b and 7b and are located at the reverse side of the sheet 
glass 8 . 

The drawing rollers 5 through 7 that are aligned in the 
direction of drawing of the sheet glass 8 are positioned such./ 
that adjacent rollers are displaced relative to each other by 
a prescribed amount in the direction of thickness of the sheet 
glass 8. in this way, the edge areas of the sheet glass travel 
a longer distance than the surface area. For example, with 
regard to the roller pairs 5a/5c, 6a/6o and 7a/7c located at - 
the left side of Fig. l f the rollers 6a/ 6c are displaced by a 
distance a relative to the rollers 5a/5c and 7a/7c. The 
rollers 5b f 6b and 7b shown in Fig. 1 are also positioned in a 
similar fashion, though this is not apparent in the drawing/ 



• • 

The beat treating unit 9 used for slow cooling may form a 
prescribed temperature distribution in both the widthwise 
direction and the drawing direction of the sheet glass 8 in 
order to prevent the occurrence of strain. Consequently, the 
5 heat treating unit 9 has a plurality of heaters aligned in the 
widthwise direction (the horizontal direction) and the drawing 
direction (the vertical direction) of the sheet glass 8. in 
the drawing, a representative situation in which eight heaters 
are arrayed along the widthwise direction of the sheet glass 6 
10 is shown. In addition, ten heaters, for example, are arrayed 
along the direction of drawing of the sheet glass 8, though 
these heaters are not shown in the drawing. The temperature of 
each heater may be individually controlled. The use of plural/ 
heaters arrayed along the widthwise direction of the sheet 
15 glass 8 is intended to form identical prescribed temperature 
distributions in the same direction in order to reduce the 
occurrence of strain in the same direction. Furthermore, the 
use of multiple heaters along the direction of drawing of the 
sheet glass 8 is intended to form prescribed temperature 
20 distributions that will prevent rapid cooling and permit slow 
cooling in the same direction. Rapid cooling is prevented In 
order to prevent damage to the sheet glass 8 during the 
drawing process. In particular, when rapid temperature changes 
occur to the sheet glass 8 within the range of 600-70013, 

25 damage can easily occur to the sheet glass 8 due to buckling 0 
deformation. 

(Glass plate manufacturing method) 
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A method by which to manufacture a glass plate using the 
above apparatus will be explained below using the example of 
manufacture of a glass substrate for a liquid crystal display. 

At the outset, preparations for the strain reduction 
processing are carried out. First, the amount of strain in the 
sheet glass 8 that has not undergone strain reduction 
processing is measured using the optical heterodyne method. 
The measurement sample is a glass plate cut out from the sheet 
glass 8 and having a width of 650mm and a length of 550 mm. 
The results of the measurement are shown in Pig. 4 . As seen 
from the table, the amount of strain of the sheet glass 8 has 
a distribution wherein it Increases gradually from the center 
region of the display area to the edge areas, and the maximum 
strain is the strain at which the birefringence Re is 4.1nm 
(strain: 0.12 kg/mm*). 



The scale used in the drawing Indicates the length in 
millimeters. The centers of the individual circles on the 
20 glass plate represent measurement points, and the size of each 
circle indicates the amount of strain. While not shown in the: 
drawing, the fast axis that indicates the direction of strain ° 
runs toward the center bottom edge of the glass plate. 
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Next, data indicating the correlation between the 
measured strain distribution and the amounts of positional 
adjustment of the drawing rollers 5 through 7. as well as data 
indicating the correlation between the strain distribution an«r 
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the widthwise temperature distribution of the heat treating 
unit 9 are obtained. 

Based on this data, the amount of displacement regarding 
the drawing rollers 5 through 7 needed to reduce the 
occurrence of strain and the widthwise temperature 
distribution of the sheet glass 8 set by the heat treating 
unit 9 are determined. 

Based on these preparations, the sheet glass 8 is 
manufactured from molten glass. 

First, the aluminosilicate raw material is melted at a 
melting temperature of 1550-1550t: in a melting tank not shown 
in the drawings, and after refining and homogenization are J 
carried out. molten glass is obtained. The molten glass is 
then moved from the melting tank to the storage unit la. 

incidentally, the aluminosilicate glass raw material used 
20 was mixed so that the following composition would be obtained: 
65% SiO„ 11% B.Q.. 12% AL l0j , 12% M gO. 5% CaO. 2.4* SrO, and 

1-65% BaO. 

The characteristics of this gla SS are as follows: Strain 
25 point = 650*C. photoelastlc constant = 33nm/cm/*gf /cm'. 

Next, the molten glass 2 stored in the storage unit ia is 
formed into sheet glass 8 via the opening 3a in the molding 9\ 
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unit 3. The molding temperature for this process is set to be 
1150-1250'C. 



The sheet glass 8 molded in this way is then slowly 
5 cooled by the strain reduction unit as the occurrence of 
strain is inhibited. 

These strain reduction processes are explained below. 

0 The strain reduction method combines two types of strain 

reduction methods: a method in which the amount of stretch of 
the sheet glass 8 due to heat contraction difference is 
controlled (method 1} and a method in which heat treatment is' 
then carried out by forming a temperature distribution through 

> a slow cooling process (method 2). 

(Method 1: Method in which drawing rollers 5 through 7 are 
displaced) 

When the sheet glass 8 is drawn downward by the drawing 
rollers 5 through 7, because one of the adjacent roller pairs 
(rollers 6) is offset by an amount a, the edge areas of the 
sheet glass 8 are drawn to a greater degree than the surface 
area. As a result, some of the strain attributable to a 
difference in the thickness of the edge areas and the surface: 
area may be eliminated. This is based on the following effect! 

In the prescribed distance in the direction in which the 
sheet glass 8 is conveyed, the amount of heat contraction of 

19 



the surface area ls largar than tha ^ ^ ^ 

of the ed g . Therefore, a the eurfaoe are, and the edge 

area, are dr.™ do™ „ a fashl0 ^ 

Accord. « ^ towing dlsta „ ce £or ^ ^ areai taTins 
a rel.tiv.ly 3TO ller eontraotlon ^ ^ ^ ^ ^ 
arawlno dietanc. for tn. enrface area, appropriate drawin. 
dl.tancee for the aurface area and th. ed g e area* ^ b(s 
maintained in accordance with th. diff.rence i„ their heat 
contraction a„ u „ts. ana con*e, ue „t ly . the occnrrence of 
10 strain may be Inhibited. 

(Method 2: Method in which neat treatment ±s 
forming of temperature distribution during slow cooling 
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*he heat treating unit 9 of this embodiment has multiple 
heaters arrayed in the widthwise direction and the drawing 
lection of the sheet glass e, as described above. The table 
shown in Pig. 5 lndicates th6 tefflperatures (C) of hftater 

3 20 arrayed in the widthwise direction and the drawing direction 

of the sheet glass 8. as well as the temperature CC) 0 f the i 
sheet glass 8 at the areas corresponding to each heater. 

The vertical columns in the table indicate the 
25 temperatures of the multiple heaters serially arrayed in 
the drawing direction of the sheet glass 8 and the 
temperatures at the areas of the sheet glass a corresponding ? 
to each heater. Here. 'Atmosphere, indicates the temperature V 
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of each heater, while 'Glass' indicates the temperature of the 
sheet glass 8. 



The temperature of each heater is measured through, for 
example, measurement of the temperature of the air at a 
position located 20mm away from the surface of the sheet glass 
8 using a thermocouple. The temperature of the sheet glass 8 
is measured through measurement of the temperature of the 
sheet glass 8 using a radiation thermometer. 

The table shows the temperatures of four groups of 
heaters located at progressively farther distances from the 
molding unit 3. as well as the temperatures of the sheet glass 
8 at areas corresponding to each heater. These four heater 
groups are referred to as first, second, third and fourth 
heater groups in the order of their proximity to the molding 
unit 3. 

in the table, '1 Atmosphere' through '4 Atmosphere' 
indicate the temperatures of the first through fourth heater 
groups, respectively. Similarly, 'l Glass' through »4 Glass- 
indicate the temperatures of the sheet glass at the areas 
corresponding to the heaters of the first through fourth 
heater groups, respectively. 

The 'L' in the first row indicates the heater located at 
the left edge of the sheet glass 8 in the widthwise direction, 
the 'C indicates the heater located at the center of the 
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sheet glass 8f a„ d the , R , the heflter ^ ^ 

right edge of the sheet glass 8. 

Pig. 6 is a graphical representation of the data shown in 
5 the table in Fig. 5. 

As can be determined from Pigs. 5 and 6, the temperatures 
of the multiple heater groups arrayed in the widthwise 
direction of the sheet glass 8 are set so that the 
10 temperatures of the heaters located at the center of the sheet 
glass 8 are higher than the temperatures of the heaters 
located at the edges thereof. Specifically, the temperatures 
of the center heaters (12) are set to be 13-45C higher than 
the temperatures of the edge heaters (R and L). Furthermore, 
the differences in their temperatures are set to decline 
gradually from the first heater to the fourth heater. 
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At the same time, the temperature of the sheet glass 8 is 
set so that the temperature of the center of the surface area 
20 of the sheet glass 8 at the area corresponding to the first ' 
heater is 28* higher than the temperature of the edge areas! 
By contrast, the difference in temperature between the center 
area and the edge areas at the area corresponding to the third 
heater 1 S set to be 3 t. i„ this way , the temperature of the V 
25 sheet glass 8 in the widthwise direction ie made uniform at 
this area. In addition, the temperature of the sheet gi ase 8 
in the areas corresponding to the third heater group is 
controlled to equal the strain point temperature of 650t:. m 
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other words, it can k*. 

can be seen that the temperature of the sheet 
glass 8 is made unif«™» - ^ et 

unxfonn „ the wi dthwlse direction at a 

temperature near the strain point of k 

a ±n point of the sheet glass 8. 
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Slaa. « to an even lower temperature while a 
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ais ln the Rawing direction and 
carried out from the apparatus. 

The thickness of the sheet g i ass 8 when aoldlng ^ 
completed was 4-6mm at the edoe * r «* ,^ 

130|mn # v 6 edge «ea extending i 20 - } 

130mm from the edge toward i-v,- 

ge toward the center) of both the left and 
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A liquid crystal device was manufactured from the glass 
plates manufactured through the above embodiment. Specifically, 
two 423 x 275mm glass plates were cut out from a single 550 x 
5 650mm full-size glass plate. The total pitch shift amount of 
these cut out plates was 0.40/im. It is preferred that the 
total pitch shift amount be 1.0pm or lower. 

If the relationship between the total pitch shift amount 
10 and the strain of a full-size glass plate (the size of the 
glass plate before the smaller glass plates are cut out) is 
sought beforehand, the total pitch shift amount of the glass 
plates used in an actual display apparatus can be managed via 
management of the strain amount of the full-size glass plate. 
15 Pig. 8 shows a graph Indicating the correlation between these 
two values. In the graph, the vertical axis represents the 
total pitch shift amount (in /an) occurring in the glass plate 
obtained through cutting, and the horizontal axis represents 
the birefringence (in nm) of a full-size glass plate prior to 
20 cutting. 

From the glass plates of this embodiment in which the ; 
occurrence of strain was inhibited, color filter glass 
substrates and TFT glass substrates were manufactured. Liquid 
25 crystal display devices were then manufactured by aligning the 
alignment marks on each glass plate. Because the glass plates 
of this embodiment having reduced strain were used here, the 
manufacture of the liquid crystal devices could be carried out 
with a high yield. 
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The present invention may be applied to a downdraw method 
different from the downdraw method of the embodiment described 
above. For example, the present invention ma 7 be applied to 
5 the conventional downdraw method described with reference to 
the prior art. 



in the above embodiment, two types of strain reduction 
processes were used, but it is acceptable if only one of these 
10 processes is used in regard to the present invention. 

Furthermore, the above embodiment used a heat treating 
unit comprising multiple heaters arrayed in the widthwise 
direction of the sheet glass 8 such that a prescribed 
15 temperature distribution was formed in the same direction 

through individual control of the temperatures of the heaters.: 
However, it is acceptable if the prese nt invention uses a heat 
treating unit that nas only a filngle ^ ^.^ ^ 

uniform heat, and a prescribed temperature distribution in the 
20 widthwise direction of the sheet glass 8 is obtained through 

the placement of appropriate thermal insulators on the surface • 
of the heater. 
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Moreover, the present invention may be applied in the 
manufacture of glass substrates used in a display apparatus 
other than a liquid crystal device or in a different 
electronic product (such as an information recording medium) . 
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Using the present invention, sheet glass in which the 
occurrence of strain is inhibited may be manufactured using 
the downdraw method. In particular, the occurrence of strain 
in the widthwise direction of the sheet glass may be inhibited. 
As a result, strain in the glass plates cut out from the sheet 
glass may be reduced. 



Therefore, when a fine pattern is formed via 
photolithography on a glass plate manufactured using the 
present invention, offset of the position of the pattern 
be prevented. 



Furthermore, where sheet glass is manufactured via the 
downdraw method using the present invention, because the 
occurrence of heat strain is inhibited, when the sheet-shaped 
glass is drawn downward while being slowly cooled, damage to 
the sheet-shaped glass may be prevented. As a result, the 
production yield may be improved. 

In addition, using the display glass substrates 
manufactured using the present invention, the yield obtained 
in the manufacture of the display apparatuses may be improved. 



